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Abstract

Background: The Dyspnoea-12 (D12) and Multidimensional dyspnea profile (MDP) are commonly used instruments
for assessing multiple dimensions of breathlessness but have not been validated in older people in the population.
The aim of this study was to validate the D12 and MDP in 73-years old men in terms of the instruments'underlying
factor structures, internal consistency, and validity.

Methods: A postal survey was sent out to a population sample of 73-years old men (n=1,193) in southern Sweden.
The two-factor structures were evaluated with confirmatory factor analysis, internal consistency with Cronbach’s
alpha, and validity using Pearson’s correlations with validated scales of breathlessness, anxiety, depression, fatigue,
physical/mental quality of life, body mass index (BMI), and cardiorespiratory disease.

Results: A total 684 men were included. Respiratory and cardiovascular disease were reported by 17% and 38%,
respectively. For D12 and MDP, the proposed two-factor structure was not fully confirmed in this population. Internal
consistency was excellent for all D12 and MDP domain scores (Cronbach’s alpha scores >0.92), and the instruments’
domains showed concurrent validity with other breathlessness scales, and discriminant validity with anxiety, depres-

men.

sion, physical/mental quality of life, BMI, and cardiorespiratory disease.

Conclusions: In a population sample of 73-years old men, the D12 and MDP had good psychometrical properties
in terms of reliability and validity, which supports that the instruments are valid for use in population studies of older

Keywords: Dyspnoea-12, Multidimensional Dyspnea Profile, Breathlessness, Older men, Older adults, Population,
Psychometrical properties, Respiratory disease, Cardiovascular disease

Background

Breathlessness is prevalent among older people [1, 2],
with 15% of the population 50+ experiencing breath-
lessness that limits their daily life [3]. Breathlessness is
strongly associated with a multitude of factors including
the presence and severity of cardiorespiratory disease
[1], anxiety, depression, and obesity [4]. Often, several
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contributing factors overlap among patients suffering
from breathlessness [5]. In many cases the underlying
condition causing a patient’s breathlessness is unknown
[4]. Breathlessness is a multidimensional symptom
and includes physical, emotional, affective and overall
unpleasantness dimensions that comprise the perceived
symptom [5]. It is important to evaluate several dimen-
sions to better describe and understand the person’s per-
ceptions [6].

The instruments Dyspnoea-12 (D12) [7] and the Mul-
tidimensional Dyspnea Profile (MDP) [8] are commonly
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used to measure multiple dimensions of breathlessness
in experimental and clinical observational studies [9, 10].
The instruments are not interchangeable [11]. The D12
and MDP has been validated for use across multiple lan-
guages and conditions and shows overall a high internal
consistency and external validity [9, 12, 13].

However, knowledge is limited on the psychometric
properties of the D12 and MDP in larger populational
studies of older adults [9, 14]. To date, validation stud-
ies of D12 and MDP were conducted mainly in disease
selected cohorts [9]. One study [14] used a small sample
to validate the MDP among older adults, however, the
sample was not drawn from the general older popula-
tion. The distribution of breathlessness dimensions in the
previous validation studies are unbalanced, and mainly
include participants with severe breathlessness and
chronical diseases, such as chronic obstructive pulmo-
nary disease (COPD) and interstitial lung disease (ILD)
[9]. The psychometrical properties of D12 and MDP are
therefore unknown and can be less valid among individu-
als with mild breathlessness, and in people in a general
population which may have fewer and less severe under-
lying conditions [14]. Compared to studies of severe
underlying conditions, the instruments can be less valid
when evaluating the burden of public health issues that
are associated with breathlessness [4, 9], such as obesity,
anxiety, and depression.

The aim of this study was to validate the D12 and MDP
for use in populational studies of older adults in terms
of underlying factor structure, internal consistency, and
validity.

Material and methods

Study design and population

The VAScular and Chronic Obstructive Lung dis-
ease (VASCOL) study started in 2011 as a population
level longitudinal cohort study of 65-years-old males
(n=1,302). The men were recruited from a screening
campaign of abdominal aortic aneurysm (AAA), which
was offered to all men at the age of 65 in 2011-2012,
living in the county of Blekinge, Sweden. At the same
time the men were invited to the screening campaign,
they were also invited to participate in the VASCOL
study. In 2019, all participants who were alive and had a
known address (n=1,193) were invited to a postal fol-
low-up survey, focused on patient reported outcomes
including breathlessness. The men were approximately
73 years old at this time and the data from this follow-
up study was used in the present study. The VASCOL
data collection and a lost to follow-up analysis of the
men not attending the present study is described in
the protocol article for the VASCOL study [15]. At the
baseline, the men participating in the follow-up had a
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lower proportion of current smokers and lung obstruc-
tion, a lower average pack-years of smoking, and had
overall higher education compared to the men not par-
ticipating in the follow-up [15]. Inclusion criteria for
the present study were participants that reported data
on the D12 and MDP scores. The database was previ-
ously used to study the prevalence of multiple dimen-
sions of breathlessness [16], and of their relation to
health related quality of life (HrQoL) [17].

Assessments

The following assessments were self-reported by the
participants: height, weight, body mass index (BMI),
smoking status, pack-years of smoking, and physician
diagnosed lung disease (COPD, asthma, tuberculosis,
sleep apnoea, or other lung disease), cardiovascular dis-
ease (myocardial infarction, angina, atrial fibrillation,
heart failure, valvular heart, bypass, aortic aneurysm,
carotid artery stenosis, or stroke) and diabetes mellitus.
The participants were also asked to state how frequent
they exercised (at least 30 min) with the possible answers:
every day, 3—6 times a week, 1-3 times a week, and less
than once a week [15].

The Swedish version of D12 and MDP used have been
validated to be used in postal surveys in patients with
cardiorespiratory diseases [12, 13], and the instruments
has also been validated among older adults [14], how-
ever in non-population cohort. The D12 comprises 12
descriptors of breathlessness which is scored by the
participant as “Nowne’, “Mild’, “Moderate’, or “Severe”.
A total score can be summarised (range 0—36), as well
as a physical (maximum 21) and affective (range 0—15)
domain score [7]. The MDP consist of 11 descriptors of
breathlessness rated using numerical rating scales (NRS)
ranging from O to 10. A total score can be summarised
as well as an immediate perception subdomain (6 items),
and an emotional response subdomain (5 items). If the
MDP should be used to present an overall experience of
breathlessness, it is recommended to use the MDP Al
unpleasantness item (NRS 0-10) [8].

The validity of the D12 and MDP were evaluated against
the following self-reported measurements: breathlessness
using the modified Medical Research Council (mMRC)
scale [18], and the item for current breathlessness inten-
sity (NRS 0-10) of Edmonton Symptom Assessment Sys-
tem Revised (ESAS-r) [19], BMI, HrQoL using the Short
form 12 item (version 2) physical and mental health com-
posite score (SF-12 PCS; SF-12 MCS) [20], anxiety and
depression using the Hospital Anxiety and Depression
Scale (HADS) [21], and fatigue using the FACIT-Fatigue
[22]. The focal period for all instruments were “the last
two weeks”.
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Statistical analysis

Descriptive statistics were used for presenting partici-
pants characteristics. The original proposed two-factor
structures [7, 8] of the D12 (physical and affective factor
structure) and MDP (immediate perception and emo-
tional response factor structure) were evaluated using
confirmatory factor analysis (CFA), and then plotted.
The goodness of fit of the CFA was evaluated by the root
mean square error of approximation (RMSEA) [23] and
Bentler’s comparative fit index (CFI) [24]. To compare
the factor structure of the D12 and MDP among the total
population sample with participants with cardiorespira-
tory disease, CFA were also performed among partici-
pants with cardiovascular disease and/or lung disease.

Internal consistency of the D12 and MDP total and
subdomain scores were evaluated using Cronbach’s
alpha using the following thresholds to describe the
result: < 0.5 = Unacceptable; > 0.5 = Poor; > 0.6 = Ques-
tionable; > 0.7 = Acceptable; > 0.8 = Good; > 0.9 = Excel-
lent [25]. To evaluate the robustness of the D12 and MDP
total if items would be dropped, items were removed
one-by-one and the effects on D12 and MDP totals’
Cronbach s alpha estimates were presented.

Pearson’s correlation coefficients were used to evaluate
the validity of the D12 and MDP scores were evaluated
with: mMRC, ESAS-r breathlessness scale, SF-12 (PCS
and MCS), HADS (total, anxiety, and depression score),
the FACIT-Fatigue total score, BMI, presence of respira-
tory disease, cardiovascular disease. The Pearson’s cor-
relation coefficients were then plotted, and the following
thresholds were used to describe the magnitude of the
correlation (negative): 0.70 to 0.9 (-0.70 to -0.9) was con-
sidered as high correlation and 0.5 to 0.69 (-0.5 to -0.69)
was considered as moderate correlation. Low correlation
was considered as 0.3 to 0.49 (-0.3 to -0.49), and 0 to 0.30
(0 to -0.30) was considered as negligible correlation [26].
When measuring validity of an instrument, the COnsen-
sus-based Standards for the selection of health Measure-
ment Instruments (COSMIN) [27] recommends studies
to state the expected relationships with other outcomes
measures. All D12 and MDP domains were expected to
have moderate to high positive correlation between each
other and with ESAS-r breathlessness scale, respiratory
disease, and cardiovascular disease. D12 physical and
MDP immediate perception were expected to have a
high positive correlation with mMRC and BMI, a mod-
erate positive correlation with HADS (total, anxiety, and
depression score), a high negative correlation with SF-12
PCS, and moderate negative correlation with SF-12 MCS
and Facit fatigue. D12 affective and MDP emotional
response were expected to have a high positive correla-
tion with HADS (total, anxiety, and depression score), a
moderate positive correlation with mMRC and BMI, a
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high negative correlation to SF-12 MCS, and a moder-
ate negative correlation with SF-12 PCS and Facit fatigue.
Statistical analysis was conducted with R 4.0.2 (R Foun-
dation for Statistical Computing, Austria).

Results

Out of the 1193 men invited, 907 (76%) men returned
the survey, and 684 (57%) men provided data on all D12
and MDP items and were included in the present anal-
ysis. Participant characteristics are shown in Table 1;
mean BMI 27.2 (standard deviation [SD] 3.9) and 445
(65%) were current or former smokers, and pack-years of
smoking mean was 9 (SD 14.1). The prevalence of breath-
lessness (MMRC >2) was 18%. At least one respiratory
disease was reported by 17%, and at least one cardiovas-
cular disease was reported by 38%, Table 1. The D12 total
mean was 1.7 (SD 4.2) and the MDP Al mean 0.7 (SD
1.4) (Table 2). The frequency distribution of the D12 and

Table 1 Characteristics of men aged 73 years old in the population

(h=684)
Variable (non-missing observations) Mean (SD) or
Frequency
(%)

BMI, kg/m2 (n=677) 27.2(3.9)

Smoking status (n=676)
Daily 34 (5%)
Sometimes 7 (1%)
Former smoker 404 (60%)
Never smoker 231 (34%)

Exercise at least 30 min (h=677)
Every day 172 (25%)
3-6 times a week 205 (30%)
1-3 times a week 192 (28%)
Less than once a week 108 (16%)

Pack-years of smoking (n=634) 9(14.1)

Lung disease (0 =654)" 111 (17%)
COPD 26 (4%)
Asthma 35 (5%)
Cardiovascular disease (n=654)" 246 (38%)
Myocardial infarction 66 (10%)
Angina 49 (7%)
Atrial fibrillation 105 (16%)
Heart failure 27 (4%)
Stroke 51 (8%)

Diabetes mellitus (n=654) 96 (15%)

Data is presented as either mean (SD) or frequencies (%)
BMI Body mass index, COPD chronic obstructive pulmonary disease
" COPD, asthma, tuberculosis, sleep apnoea, or other lung disease

" Myocardial infarction, angina, atrial fibrillation, heart failure, valvular heart,
bypass, aortic aneurysm, carotid artery stenosis, or stroke
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Table 2 Participants reported outcomes of men aged 73 years

old (hn=684)
Variable (non-missing observations) Mean (SD) or
Frequency
(%)

D12 (n=684)

Total 1.7 (4.2)

Physical domain score 1.1(25)

Affective domain score 06(1.8)
D12, respiratory disease (n=111) *

Total 3.6 (6.4)

Physical domain score 24(3.8)

Affective domain score 1.3(29)
D12, cardiovascular disease (n=246) **

Total 24(5.2)

Physical domain score 16(3.1)

Affective domain score 09(23)
MDP (n=684)

AT unpleasantness score 0.7 (1.4)

Immediate Perception 2.7 (6.5)

Emotional response 18 (5.1)
MDP, respiratory disease (n=111) *

AT unpleasantness score 1.3(2.0)

Immediate Perception 54(9.9)

Emotional response 2.8(5.9)
MDP, cardiovascular disease (n =246) **

AT unpleasantness score 1.0(1.7)

Immediate Perception 3.8(83)

Emotional response 23(5.8)
mMRC class (n=668)

0 453 (68%)

1 98 (15%)

>2 117 (18%)
ESAS-r breathlessness scale (n=672) 1.8 (24)
SF12 PCS (n=672) 46.7 (9.0)
SF12 MCS (hn=672) 54.4(8.9)
HADS total (n=642) 64 (5.9)
HADS depression (n =664) 3(3.1)
HADS anxiety (n=657) 34(35)
Facit fatigue (n=677) 42 (8.9)

D12 Dyspnoea-12, MDP multidimensional dyspnoea profile, nMRC Modified
Medical Research Council dyspnea scale, ESAS-r Edmonton Symptom
Assessment System. Revised, HADS Hospital Anxiety and Depression Scale, SF12
PCS Short form 12 item (version 2) physical health composite score, SF12 MCS
Short form 12 item (version 2) mental health composite score

*COPD, asthma, tuberculosis, sleep apnoea, or other lung disease

**Myocardial infarction, angina, atrial fibrillation, heart failure, valvular heart,
bypass, aortic aneurysm, carotid artery stenosis, or stroke

MDP items are shown in Supplementary Table S1 and
Supplementary Table S2.

Factor structure analyses using CFA are shown in Fig. 1.
The two-factor structures were not fully confirmed as the
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CFA model fit was sub-optimal for D12 (RMSEA =0.137,
CFI=0.914) and MDP (RMSEA =0.134, CFI=0.928).
The D12 “My breath does not go in all the way” and MDP
“Breathing a lot” showed a lower factor loading than the
other items (Fig. 1). The factor loadings and the CFA
model fits of the D12 and MDP were similar among par-
ticipants with cardiorespiratory diseases compared to the
total participant sample (Supplementary Table S3; Sup-
plementary Table S4).

Internal consistency was excellent for the D12
and MDP total score and subdomain scores, all hav-
ing a Cronbach’s alpha score of>0.92, as shown in
Table 3. When single items were removed one-by-one,
the D12 total and MDP total Cronbach’s alpha esti-
mate only changed minimally (D12 total <0.007; MDP
total <0.008), meaning that the internal consistency
of the D12 total and MDP A1l scores were robust when
removing individual item scores.

Concurrent validity estimates are shown in Fig. 2. The
D12 total and MDP A1l scores was highly correlated
between each other. The D12 physical score was highly
correlated with the MDP immediate perception, and the
D12 affective was highly correlated with MDP emotional
response. The D12 physical and affective subdomains, as
well as the MDP Al and immediate perception were sim-
ilar moderately correlated with the other breathlessness
scales mMRC and ESAS-r. The MDP emotional response
was moderately correlated with ESAS-r and weakly cor-
related with mMRC, (Fig. 2). The D12 affective, MDP Al,
and MDP emotional response were more strongly cor-
related with the HADS total, HADS depression, HADS
anxiety, and SF-12 MCS, compared to the D12 physical
and MDP immediate perception. At the same time, the
D12 physical and MDP immediate perception were over-
all more strongly correlated with the mMRC, SF-12 PCS,
and BMI compared to the D12 affective, MDP Al, and
MDP emotional response (Fig. 2). The D12 and MDP
were weakly to moderately correlated to FACIT fatigue.
All D12 and MDP scores were more strongly correlated
to the presence of respiratory disease compared to the
presence cardiovascular disease, and the D12 physical
and MDP immediate perception were more strongly cor-
related to the presence of respiratory disease compared
to D12 affective and MDP emotional response (Fig. 2).

Discussion

Main findings

The main finding is that the D12 and MPD are valid
for measuring multiple dimensions of breathlessness
in population surveys of 73-years old men. The psy-
chometric properties were similar to those reported
in a systematic review of D12 and MDP [9]. The D12
and MDP showed validity between each other and with
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Instrument Subdomain ltem Estimate Error Variance
My breath does not go in all the way 0.693 0.519
My breathing requires more work L] 0.783 0.386
| feel short of breath 0.745 0.445
D12 Physical I have difficulty catching my breath L] 0.836 0.301
| cannot get enough air L] 0.864 0.254
My breathing is uncomfortable L 0.846 0.285
My breathing is exhausting L] 0.858 0.264
7 WMybreathing makes me feel depressed = 0871 0242
My breathing makes me feel miserable L] 0.811 0.342
D12 Affective My breathing is distressing L] 0.898 0.194
My breathing makes me agitated L] 0.842 0.291
My breathing is irritating . 0.916 0.161
A1 unpleasantness [ ] 0.815 0.336
Muscle work L] 0.846 0.284
Air hunger 0.887 0.213
MDP Immediate perception Chest tightness 0.887 0.213
Mental effort L 0.918 0.157
________________________________________________ Breathingalot % 0724 0475
Depression L] 0.9 0.189
Anxious L] 0.925 0.144
MDP Emotional response Frustrated ] 0.843 0.289
Angry L] 0.764 0.416
Afraid u 0.905 0.182
L
0 02040608 1
Factor loading
Fig. 1 Confirmatory factor analysis for Dyspnoea-12 and Multidimensional Dyspnea Profile. Confirmatory factor analysis for the two-factor structure
of Dyspnoea-12 and Multidimensional Dyspnea Profile, respectively. Estimate corresponds to the factor loading of each item and a higher factor
loading means the item relates more to it's given subdomain compared to a lower factor loading. Error variance corresponds to how much of the
variance in each item is not covary with the given domain. All values are standardized. D12 Dyspnoea-12, MDP Multidimensional Dyspnea Profile

Table 3 Internal consistency of Dyspnoea-12 and Multidimensional
Dyspnea Profile scores

Variable Cronbach’s
alpha
estimate

D12 total 0.956

D12 physical domain 0924

D12 affective domain 0.936

MDP total 0.943

MDP immediate perception subdomain 0932

MDP emotional response subdomain 0.939

Cronbach’s alpha estimate for 73-years old men in the population (n=684). D12
Dyspnoea-12, MDP Multidimensional dyspnea profile scores

other breathlessness scales, anxiety/depression, fatigue,
BMI, and physical and mental HrQoL. Both instru-
ments had excellent internal consistency and validity in
this populational study which strengthens the useful-
ness of the instruments in large epidemiological studies

of older men. However, the original proposed two-fac-
tor structures were not fully confirmed.

What this study adds

This study extends previous validation data that D12
and MDP are valid for use in future epidemiological
studies or surveys of breathlessness among 73-years
old men. The instruments had concurrent validity by
showing expected associations with other important
patient-reported outcomes. The discriminant validity
of the instruments with BMI and physical and men-
tal HrQoL is a novel finding which can be valuable for
public health studies. We presented the largest popu-
lational sample reporting the D12 and MDP so far [11]
and included participants with and without multiple
different conditions.

The high Cronbach’s alpha estimates support that
the domains of both instruments are reliable. The
Cronbach’s alpha estimates were very similar to the
pooled estimates of 18 D12 studies in a large interna-
tional systematic review, and our study had a higher
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Pearson's correlation coefficient .
1.0 05 00 05 1.0
D12 Total 0.577 -0.382 -0.296 0.37 0.313 0.359 -0.506 0.194 0.239 0.125
D12 Physical 0.581 -0.394 -0.282 0.337 0.297 0.317 -0.501 0.212 0.252 0.128
D12 Affective 0.512 0569 -0.326 -0.287 0379 0.305 0.382 -0462 0.148 0.196 0.107
MDP A1 0.582 -0.374 -0.311 0382 0.34 0.357 -0479 0.271 0.207 0.134
MDP IP 0.517 0,595 - -0.296 -0.267 0.348 0.302 0.331 -0.44 0.18 0.19 0.115
|
MDP ER 0456 0.533 -0.262 -0.389 0469 0.392 046 -048 0.128 0.129 0.084
T T = o 14 (6] @ o =
& 3 2 < = w © @ 3 3 - S g ES =2 3 ?
= ¢ © o &K o = g 4o 3= = 2 x  2 3 3
«~ £ & 9 2 § B 5 & & g 8 £ 8 g 3
A << o] ' o a =
© o o« s 5 s I & 38 § e 5
o o 3 o £ s 3
@ Q a @
<
o T 8 3
©
$ (&}
Fig. 2 Validity for Dyspnoea-12 and Multidimensional Dyspnea Profile among 608 participants. Validity between Dyspnoea-12 and
Multidimensional dyspnea profile measured with Pearson’s correlation coefficient between scales. The 95% confidence intervals are presented in
parenthesis below the coefficients. The strength of correlation between the scales is represented with colour intensity, and higher colour intensity
means stronger positive or negative correlation. Abbreviations: BMI Body mass index, D12 Dyspnoea-12, MDP multidimensional dyspnoea profile, IP
Immediate Perception, ER Emotional Response, mMRC Modified Medical Research Council dyspnea scale, ESAS-r Edmonton Symptom Assessment
System. Revised, HADS Hospital Anxiety and Depression Scale, SF-12 PCS Short form 12 item (version 2) physical health composite score, SF-12 MCS
Short form 12 item (version 2) mental health composite score

Cronbach’s alpha estimate than the pooled estimate of
nine MDP studies [9].

In contrast to the original validation studies, the pro-
posed two-factor structures of D12 and MDP were not
fully confirmed in this study, as the fit of the CFA mod-
els were not optimal. The items “My breath does not go in
all the way” (D12 physical) and “Breathing a lot” (MDP
immediate perception) showed a lesser factor loading
than the rest of the items, and means that they do not
fully belong to the original proposed factor structure and
domains (D12 physical; MDP immediate perception) [7,
8]. Older people can experience these items (descriptors)
as being more emotional/affective loaded in comparison
to the participants in the original studies confirming the

two-factor structures [7, 8, 28]. A previous study evaluat-
ing the MDP among older adults also reported variations
in the factor loading estimate of the items [14]. Further,
the affective/emotional domains also shows correlation
with the physical/immediate perception in this and a pre-
vious study [29], and this can explain some items’ lower
factor loading, as some items can “leak” into the other
domain. The original validation study proposing the fac-
tor structure of the D12 and MDP included patients with
cardiorespiratory diseases [7, 28] in comparison to our
population sample that included participants with, and
without various conditions. The factor loadings were
similar among cardiorespiratory participants and the
total population sample in our study. Our population
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has larger diversity of underlying conditions present
compared to the original validation studies, which can
explain lower factor loadings, as the experiences can be
more different from each other, compared to participants
with the same or similar conditions. Previous studies
suggests that different physiological conditions can lead
to different experiences of breathlessness [30], and with
our result in mind, the original factor structures can be
less valid for participants with various conditions. Future
studies should evaluate the original proposed factor
structures among participants with common conditions
associated with breathlessness such as obesity, and anxi-
ety/depression. Future studies can also use exploratory
factor analysis (EFA) or Exploratory Structural Equation
Modelling (SEM) to explore alternative factors structures
of the D12 and MDP among individuals with various
conditions. When comparing the fit of the CFA to studies
using the same Swedish version of the instruments, the
MDP showed a similar sub-optimal fit [13], but the D12
showed worse fit in our study [12]. The previous studies
used a population more similar to the original studies
populations [7, 8] with cardiorespiratory participants and
overall more severe breathlessness [12, 13], which sup-
ports the worse CFA fit for the D12 in our study.

The factor structure of the D12 and MDP has only been
confirmed in five and six studies, respectively, in compar-
ison to 27 studies evaluating the internal consistency of
the instruments [9]. The relative paucity of data and our
failure to fully confirm the factor structure warrants fur-
ther investigations of the underlying factor structure of
each instrument and of the independence (of each other)
and utility (compared with the summary score) of the
proposed factors.

A novel finding of our study is that we found discri-
minant validity for the D12 and MDP subdomains for
BMI, and mental and physical HrQoL. We also found
that the correlation of D12 physical and MDP immedi-
ate perception were stronger to respiratory disease com-
pared to D12 affective and MDP emotional response,
and this can reflect the physical limitations a respiratory
disease induces for the individual. This new knowledge
of the discriminant validity of the D12 and MDP can be
helpful in epidemiological studies, especially as physi-
cal and mental HrQoL, BMI and limitations of condi-
tions are important outcomes in public health research.
The strength of the correlations between the D12 and
MDP subdomains reflects what they intend to measure:
one physical/perception and one affective/emotional
domain in each instrument. This is especially clear as
increased D12 physical and MDP perception subdomains
being negatively correlated to better physical HrQoL,
and increased D12 affective and MDP emotional sub-
domains being negatively correlated to mental HrQoL.
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Even though the correlations are fairly strong between
the domains of the D12 and MDD, they were not per-
fectly correlated, and this supports that the instruments
are measuring different aspects of breathlessness and are
not interchangeable, as suggested before [11]. The instru-
ments were overall moderate correlated with the other
breathlessness scales mMRC and ESAS-R breathlessness
scale, which supports the concurrent validity of the D12
and MDP. The correlation in-between the D12 and MDP
scores were similar to a previous study of COPD patients
[11]. The D12 and MDP subdomains correlations with
the mMRC, HADS anxiety and depression in our study
are very similar to the pooled estimates in a recent sys-
tematic review of the D12 and MDP [9]. The D12 physi-
cal subdomain were more strongly correlated with Facit
fatigue compared to the affective subdomain, but this is
different from another study which did not show any dif-
ferences between the subdomains’ correlation to Facit
fatigue [12]. The MDP immediate perception was more
strongly correlated to Facit fatigue compared to emo-
tional response, which is different from a previous study
[13]. However, as the differences of the strength of cor-
relations between the subdomains and Facit fatigue were
not big in our study nor in the previous studies [12, 13],
it is hard to make any conclusions as now. Overall, the
evaluation of the validity reinforces the D12 and MDP
as useful instruments when assessing multiple dimen-
sions of breathlessness in epidemiological studies of older
men’s health.

Strengths and limitations

The study has several strengths. It used a large sample
size, and the study includes participants with and with-
out a diverse set of clinical conditions which yields bet-
ter generalizability. Also, the study used a vast number
of validated instruments and patient outcomes for the
evaluation of the validity, which strengthen the valid-
ity of the study. The study’s result is similar to a sys-
tematic review of both instruments psychometrical
properties [9], which strengthen the reliability of the
study. The present study also has some limitations. The
majority of the participants had none or mild breath-
lessness (mMRC < 1) and scored low on the D12 and
MDP items. The instruments can therefore be less valid
for participants with severe breathlessness. Still, 117
of the participants were moderate to severe breath-
less (mMRC > 2) which is a larger sub sample than the
majority of the previous D12 and MDP validation stud-
ies’ total sample sizes [9]. The prevalence of breath-
lessness was similar to another study of older adults
[2], and our result can therefore be relevant for stud-
ies using the D12 and MDP to measure breathlessness
among similar aged men in the population. Since the
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population only included 73 years old men we cannot
generalise for women and individuals in younger age
groups and there is a need of further validation studies
including comparison between men and women, and
between age groups. Lastly, the cross-sectional study
design does not allow evaluation of test—retest reliabil-
ity of the instruments, which is an important measure-
ment for repeatability.

Conclusions

The D12 and MDP have good psychometrical proper-
ties in terms of reliability and validity and should be
seen as usable in population studies to assess multiple
dimensions of breathlessness among 73 years old men.
A novel finding is that the instruments have discrimi-
nant validity with BMI, mental and physical HrQoL,
and respiratory disease, which are common outcomes
in public health studies. However, the original factor
structures were not fully confirmed in this study. Future
studies should further evaluate the factor structures of
the D12 and MDP and the instruments psychometri-
cal properties in common conditions associated with
breathlessness such as obesity, anxiety, and depression.
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BMI: Body mass index; CFA: Confirmatory factor analysis; CFl: Comparative fit
index; Cl: Confidence intervals; COPD: Chronic obstructive pulmonary disease;
D12: Dyspnoea-12; EFA: Exploratory factor analysis; ESAS-r: Edmonton Symp-
tom Assessment System Revised; HADS: Hospital Anxiety and Depression
Scale; HrQoL: Health related quality of life; ILD: Interstitial lung disease; MDP:
Multidimensional dyspnea profile; mMMRC: modified Medical Research Council
breathlessness scale; NRS: Numerical rating scales; RMSEA: Root mean square
error of approximation; SEM: Structural Equation Modelling; SF-12 MCS: Short
form 12 item mental health composite score; SF-12 PCS: Short form 12 item
physical health composite score; VASCOL: VAScular and Chronic Obstructive
Lung disease.
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